There has recently been considerable interest in the acoustics of fluid-saturated porous media. The most interesting peculiarity, the existence of two compressional waves, was first predicted by Biot [1] in 1956. It was not until 1980 that Plona [2] experimentally observed the additional slow compressional bulk wave in a water-saturated porous solid composed of sintered glass spheres. Even more recently, Feng and Johnson [3] have extended the Biot theory to numerically predict the velocities of a new surface mode as well as the expected pseudo Rayleigh and pseudo Stoneley modes at fluid-porous solid (i. e. fluid/fluid-saturated porous solid) interface. The expected modes are either below the fluid velocity, so that energy will not leak into the fluid at alI, or just above it so that energy leaks at such a high angle, in which case simple phasematching techniques are not applicable for excitat ion and detection. In a recent paper [4] , the authors suggested the application of a slightly corrugated periodic surface, since, in this case every surface mode becomes somewhat "leaky" in certain directions at particular resonant frequencies. In this work we are presenting experimental results of surface wave velocity measurements, using this periodic surface technique. The surface wave velocities are compared to bulk results obtained by a new wedge technique.
BULK WAVE EXPERIMENT
There are three different bulk modes in a fluid-saturated porous solid: (i) shear wave with the same velocity as in the drained skeleton frame, (ii) fast compressional wave with velocity higher than both the fluid and frame longitudinal velocities, and (iii) slow compressional wave with velocity lower than both the fluid longitudinal and frame shear velocities.
*Permanent Address: Applied Biophysics Laboratory, Technical University
Budapest, Hungary Plona [2) was the first to observe Biot's propagat ing slow wave at ultrasonie frequeneies. Re used water-saturated plates made of sintered glass beads, and distinguished the three modes by their different transit time through the sample as he changed the angle of ineidenee.
We used a somewhat different "wedge" technique to separate the throughtransmitted signals by their different propagat ion direetions aeeording to the law of refraetion. Fig. 1 shows the reeeived fast wave signal whieh is bent toward the thinner edge of the sample and arrives earlier when transmitted through the thieker part of the wedge. Fig. 2 shows the reeeived slow wave signal which is bent toward the thieker edge of the sample and arrives later when transmitted through the thieker part of the wedge. The materials used in our experiments were Eaton Produets EP Brand Porous Structures of Grades 15 and 55 (grades indicate nominal pore size in mierons). The porous struetures are manufaetured by cementing glass beads and their total void volume is about 30% for alI grades. The results of the bulk wave velocity measurements are shown in Table 1 . 
SURFACE WAVE EXPERIMENT
At a fluid-isotropic solid interface, two different types of surface waves may exist. The true surface wave is the so-called Stoneley wave with a velocity lower than alI of the bulk wave velocities in the neighboring media. The second wave is a Rayleigh type with a velocity higher than that of at least one of the bulk velocities of the two media, and this "leaky" or "pseudo" surface wave will be attenuated by leaking energy into the medium of lower velocity.
If the leaky surface velocity is higher than the sound velocity in the fluid, which is true for most cases except for a few solid materials such as plexiglas, the so-called Rayleigh angle phenomenon occurs due to mode convers ion at the angle of incidence where the bulk wave in the fluid is phasematched to the surface wave propagat ing along the interface. The reradiation of the leaky surface wave will occur at the Rayleigh angle, which can be detected in many different ways [5-7l, such as observing the Schoch displacement, beam splitting on a schlieren image or by detecting the increased backscattering signal using mechanical scanning . The surface velocity is easily calculated from the Rayleigh angle using Snell's law .
If the surface wave does not leak into the fluid under ordinary conditions, special measures must be taken to induce mode coupling between the surface wave and the fluid bulk wave . One solution is to corrugate the surface with a ser ies of periodic grooves . In this case, the condition of phase matching is expres sed by the law of diffraction: 
Here f is the frequency, A is the periodicity of the surface, C s and cf are the velocities of the surface wave and the fluid wave, respectively, and ei is the mth order direction in which the surface wave will leak energy into the fluid as it propagates along the surface. By this technique, which was originally developed by Jungman, Adler and Quentin [8] , we insonify the sample at normal incidence (ei = o) and determine the surface velocity from the first order (m = 1) coupling condition of Eq. 1, C s = flA.
The presence of mode coupling can be detected by the sharp drops at certain frequencies in the reflectance of the interface. Fig. 3 shows the spectrum of the reflected broadband signal from a plexiglas samplewhich has about the same shear and longitudinal velocities as the shear and fast compressional wave velocities in the water-saturated porous samples. The two strong minima at 1. The above nomenclature of ten causes confusion. In most cases, the shear velocity of the solid is considerably higher than the sound velocity in the liquid, therefore the pseudo Rayleigh velocity is just a little higher than the true Rayleigh velocity of the free solid surface, and the Stoneley velocity is slightly below the fluid velocity. In this rather unusual case of plexiglas or porous solid, the shear velocity is lower than the fluid velocity, therefore the pseudo Rayleigh velocity is slightly higher than the fluid velocity and the Stoneley velocity is just below the Rayleigh velocity of the free solid surface.
FLUID-POROUS SOLID INTERFACE
In a recent study [3] , Feng and Johnson introduced a numerical approach to predict surface medes and calculate their velocities at a fluid-porous solid interface. According to their predictions, a water-satured fused glass bead sample can exhibit three different surface modes: (i) pseudo Rayleigh wave with a velocity between the fluid velocity and the shear velocity of the porous solid, (ii) pseudo Stoneley wave with velocity higher than the slow bulk wave velocity in the saturated solid b ut lowe than both the shear velocity and the fluid velocity, and (iii) the true Stoneley wave with velocity 10wer than the 10west bu1k velocity, i.e. the slow wave ve10city. The detai1ed ana1ysis shows that depending on the stiffness of the frame and surface conditions (open or c10sed pores), one, two or alI three of these modes can appear on the interface.
The above introduced periodic surface technique was used to observe the different surface modes on the water-saturated porous samples. As an example, the deconvolved spectrum of the reflected signal for a grade 15 sample with periodic grooves at 635 vm spacing is shown in Fig. 4 . The two higher frequency minima in the reflectance correspond to 1200 and 1500 m/s, indicat ing the presence of both pseudo Stoneley and pseudo Rayleigh waves. The third, less pronounced, minimum below these frequencies was found in many, but not alI cases, and it corresponds to approximately 860 m/s. The two higher surface modes were easily identified in alI cases. The lowest minimum seems to be very close to the slow compressional wave, and we could not find it in other porous materials such as natural rocks where the slow bulk mode was missing, too. This clearly indicates that the lowest mode is associated somehow with the slow compressional wave. It might be attributed to a weak bulk slow wave propagat ing at grazing angle. We have found, in isotropic materials, that a bulk wave parallel to the surface will also produce a slight minimum. Otherwise, this minimum might be identified as the above mentioned true Stoneley wave with velocity just below the slow compressional wave speed. This surface mode is predicted only for closed, but not for open pores at the surface, therefore this would contradict Feng and Johnson's results [3] unless the pores are proved to be at least partially closed. Table 2 summarizes our surface wave velocity results. Although these velocities are obviously pore size dependent, we found the differences between grades 15 and 55 to be smaller than the spread of the experimental data for different groove periodicities and depths, therefore we averaged the results for different grades as well. 
CONCLUSIONS
Our measurements provide experimental verifications of the existence of different surface modes for fluid/fluid-saturated porous solid interfaces. The results are in good qualitative agreement with theoretical predictions.
The accuracy of this method wi11 depend on the prec~s~on with which the periodic grooves can be machined into the samp1es, proper time gating, and distortion of the surface mode by the periodic nature of the interface.
